I. Introduction
The Udo Hills, Shizuoka Prefecture, Japan, are situated along the coast of Suruga Bay, about 20km northwest of Suruga Trough, where the Philippine Sea Plate subducts beneath the Eurasian Plate ( Fig. 1-A) (Sugimura, 1972; Nakamura and Shimazaki, 1981) . The hills are one of the areas of extreme uplift that occur within a narrow belt (ca. 7km wide) along Suruga Trough (Akimoto et al., 2002) . Based on the geometry of this sedimentary sequence, Tsuchi (1970) suggested that the hills have been tectonically uplifted about 300m during the past 100,000 years or so.
The Udo Hills comprise a 500-m-thick sequence of alternating fan-deltas and shallowmarine sediments that were deposited during the middle to late Pleistocene (Tsuchi, 1960; Kondo, 1985) . They have been divided into five formations: Negoya, Kunosan, Kusanagi, Oshika and Kuniyoshida Formations, in ascending order ( Figs. 1 and 2 ). The Kunosan Formation unconf ormably overlies the Negoya Formation, and is in turn conformably overlain by the Kusanagi Formation. Sugiyama (1991) suggested that the Kunosan Formation was probably deposited during the MIS 6.2-5.5 deglaciation, but he did not present data supporting this interpretation.
Here we report U-series ages for solitary coral species from the Kunosan Formation in the eastern Udo Hills, and correlate the Kunosan Formation with oxygen isotope stage 6.5.
II. Geological setting and chronology
According to Kondo (1985) , the main part of the Negoya Formation consists of marine Geological map and cross-section are based on Kondo (1985) . Location map after 1:25,000 topographic map "Shizuoka toubu", Geographical Survey Institute of Japan.
mudstone. In addition, the formation contains three gravelly wedges (Ago, Furuyado and Nakahiramatsu Gravel Members, in ascending order), characterized by steep, subaqueous, eastward-dipping slopes. The gravelly deltas pinch out eastward and are bounded by marine mudstone (Fig. 2) . The thickness of these gravelly wedges is less than 70m. The first occurrence (FO) of the nannofossil Emiliania huxleyi, which first appeared late in marine isotope stage (MIS) 8.0 (Thierstein et al., 1977) , is located at a marine mudstone just above the top of the Ago Gravel Member (Okada, 1987) (Fig. 2) . Three tuff beds, Ng-1, -2 and -4, are readily identified by their lithological characters and are used as marker horizons within the Negoya Formation (Kondo, 1985) (Fig. 2) , even though they have not vet been dated.
The Kunosan Formation unconformably overlies the Nakahiramatsu Gravel Member in the southwestern part of the Udo Hills, and marine mudstone in the eastern part, respectively. This formation is up to 200m thick and consists of Gilbert-type topset, foreset and bottomset beds. Large-scale foreset beds up to 100m thick are exposed well in the western Udo Hills, and have depositional slopes dipping to the northeast at ca. 20° (Kondo, 1985) . In the eastern extent of the strata, the deltaic gravel deposits merge into alternating beds of gravel and silt with marine bivalve Limopsis belcheri (Muramatsu Gravel-Silt Member; Kondo 1985) . Pleistocene deposits in the Udo Hills (Kondo, 1985) and chronologic data
The age of the first occurrence of Emilliania huxleyi is based on Thierstein et al. (1977) .
The Kusanagi Formation is up to 60m thick and grades upward from pebbly or sandy sediments, through mudstone, to sandstone (Rondo, 1985) . Molluscan fossils imply that deposition took place in an embayment (Tsuchi, 1960; Rondo, 1985) . The conformably overlying Oshika Formation comprises a 50 -m-thick , Gilbert-type deltaic sequence. The On-Pm 1 tephra is present in this formation (Kitazato and Arai, 1986) and was deposited during MIS 5.3 (Machida, 1999) (Fig. 2) . This implies that the Kusanagi Formation, which underlies the Oshika Formation, was probably deposited during MIS 5.5. This interpretation is supported by the percentage of warmclimate pollen increasing, and subsequently decreasing, during deposition of this formation (Konomatsu and Shinohara, 1996) .
III.
Geological observations
The Negoya Formation in the eastern Udo Hills is more than 20m thick and composed of mudstone containing well-preserved and articulated shells of the bivalve mollusk L. belcheri, which still lives in muddy substrates at depths of 100m to 800m off Japan (Higo et al., 1999) . The overlying Kunosan Formation (Muramatsu Gravel-Silt Member) is up to 80m thick and divided into lower and upper parts in the study area (Figs. 1-A and 3) . The lower part consists of stratified conglomerates that lie horizontally, average 1m thick and have erosional bases. The clasts are mostly pebblesized and clast-supported.
In many beds, clasts are long-axis-parallel imbricated. Two conglomerate beds (20cm thick) show inverse-tonormal grading and are overlain by massive, brown mud beds (10cm thickness) in the basal portion of the lower part.
Well-sorted sand beds with parallel laminations are common and are 20cm thick. The sand beds yield wellpreserved specimens of the trace fossil Rosselia socialis (Fig. 3) . This consists of a vertically or subvertically oriented, fusiform burrow up to 20cm long and 6cm thick, with a concentrically laminated muddy lining. R. socialis, seen in the sand beds, ranges from Cambrian to Holocene and characteristically occurs in shallow-marine (locally in continental-slope) deposits (tiara, 1995 Nara et al., 2004) . The presence of clast-supported and imbricated fabric in the conglomerate beds implies that the stratified conglomerates represent high-density turbidity currents (Lowe, 1982) . The overlying sand beds are interpreted as resulting from low-density turbidity cur- rents. The upper part of the Kunosan Formation consists of alternating beds of conglomerate and silt (Fig. 3) . Many well-preserved and articulated shells of L. belcheri are present in silt throughout this upper part of the Kunosan Formation. In addition, the well-preserved gastropod Ginebis argenteonitens and the bivalves Acila divaricata and Keenaea samarangae occur in the lower portion of this upper part of the Kunosan Formation.
Based on their modern occurrences around Japan, their upper waterdepth limits are 100m (Higo et al., 1999) . The conglomerate beds have erosional bases and show inverse-to-normal grading, and they change upward into a graded sand unit with parallel laminations.
The clasts are long-axisparallel imbricated and support each other. These features imply that these conglomerate beds resulted from the combined processes of cohesion-less debris flows and turbidity currents (Nemec, 1990; Walker and Punt, 1992) .
IV.
Materials and methods
Three individuals of the solitary coral Flabellum transversale were collected from silt in the lowest portion of the upper part of the Kunosan Formation (Figs. 1-B and 3 ). This coral species still lives at depths of 20 to 300m off Japan (Eguchi, 1965) . Its bathymetric distribution is consistent with that of the abovenoted molluscs.
The specimens are not encrusted, bored or abraded.
These imply that they underwent little or no post-mortem transport. It is therefore reasonable to infer that the thorium-230 age of the solitary coral represents the depositional age of the upper part of the Kunosan Formation.
These study specimens were repeatedly cleaned ultrasonically in deionized water, rinsed and dried.
Their mineral composition was analyzed by X-ray powder diffraction (XRD). Data were collected with Cu Ka radiation over minute. The coral samples were dated using high-resolution alpha spectrometry developed by Omura et al. (1995) , utilizing the half-lives of 234U and 230Th
, which are 245,250 yrs and 75,690 yrs, respectively . Small amounts of detrital clay were detected in these samples during sample preparation.
We therefore measured the 230Th/ 232Th ratio of the host mudstone of the studied corals to evaluate allochthonous radiogenic 230Th.
We tested for alteration of the coral samples using the three criteria cited by Omura et al. (1995) : (1) lack of evidence for recrystallization of aragonite to calcite; (2) a uranium concentration the same (2 to 4 ppm) as in present-day counterparts;
and (3) an initial 234U/ 238U ratio that lies within the maximum range for seawater of 1.135-1.160 over the past 360 ka, at least for interglacial periods (Henderson, 2002) .
V.
Results and discussion XRD analysis shows that these three specimens retain their original aragonitic composition.
Their 238U concentration varies from 3,620 to 3,730 ppb (Table 1) , which is similar to values for other ahermatypic corals (Adkins et al., 1998; Mangini et al., 1998; Cheng et al., 2000 b 0.0111 from the host rock (Table 1) . Because the 232Th concentration in sample 1 is 0.05 ppm, the 230Th age of 176.5+3.7-3.6 ka is an estimate. This age range is generally consistent record in marine sediments (175 ka) (Martinson et al., 1987) and atmospheric oxygen trapped in Antarctic ice (178 ka) (Shackleton, 2000) . Thus we think that the Kunosan Formation was deposited during marine isotope stage 6.5. This interpretation is supported by previously published chronologic information for the middle and upper Pleistocene in the Udo Hills (Fig. 2) .
